Chronic marijuana users (MJ Users) perform poorly on the Iowa Gambling Task (IGT), a complex decisionmaking task in which monetary wins and losses guide strategy development. This functional magnetic resonance imaging (MRI) study sought to determine if the poor performance of MJ Users was related to differences in brain activity while evaluating wins and losses during the strategy development phase of the IGT. MJ Users (16) and Controls (16) performed a modified IGT in an MRI scanner. Performance was tracked and functional activity in response to early wins and losses was examined. While the MJ Users continued to perform poorly at the end of the task, there was no difference in group performance during the initial strategy development phase. During this phase, before the emergence of behavioral differences, Controls exhibited significantly greater activity in response to losses in the anterior cingulate cortex, medial frontal cortex, precuneus, superior parietal lobe, occipital lobe and cerebellum as compared to MJ Users. Furthermore, in Controls, but not MJ Users, the functional response to losses in the anterior cingulate cortex, ventral medial prefrontal cortex and rostral prefrontal cortex positively correlated with performance over time. These data suggest MJ Users are less sensitive to negative feedback during strategy development.
Introduction
Marijuana is the most commonly used illegal drug in the United States and is known to influence multiple aspects of executive function including impulsivity (McDonald et al., 2003) , attention (Fletcher et al., 1996; Pope et al., 2001) , working memory (Miller and Branconnier, 1983) and cognitive flexibility (Bolla et al., 2002; Lane et al., 2007) . Importantly, chronic marijuana use is associated with deficits in decision-making that impair the ability to make advantageous decisions over time (Whitlow et al., 2004; Hermann et al., 2009) . While the basis for this deficit has not been completely characterized, successful strategy development during normal decision-making involves the processing of positive and negative information, and using this information to guide future decisions towards achieving a goal (Sutton and Barto, 1998; Dayan and Balleine, 2002; Camerer, 2003) . Understanding the basis of poor strategy development in chronic marijuana users (MJ Users), therefore, may help explain their deficits in decisionmaking.
The Iowa Gambling Task (IGT) is a complex decision-making task (Bechara et al., 1994 ) that has been used to demonstrate deficits in current (Whitlow et al., 2004; Hermann et al., 2009 ) and abstinent heavy marijuana users (Bolla et al., 2005) . To perform the task, participants begin selecting cards randomly from four card decks under ambiguous conditions. Each selection produces a monetary gain or win; however, some selections also result in a monetary loss. Over time, based on the wins and losses associated with each deck, two of the decks emerge as advantageous and two disadvantageous. The disadvantageous decks produce larger immediate gains but larger losses over time while the advantageous decks yield smaller immediate gains but smaller losses over time.
Performance on the IGT is typically measured by a Net Score which reflects the difference between selections allocated to advantageous and disadvantageous decks throughout the task. In the early phases of the task, as participants evaluate win and loss contingencies associated with deck choices, they develop decision-making strategies that are implemented in later phases of the task. In previous studies from our lab, no differences in Net Score between groups were observed in the early strategy development phase of the task as both Controls and MJ Users chose predominantly from disadvantageous decks (Whitlow et al., 2004) . It was only after multiple exposures to win and, in particular, loss evaluation that Controls generally began shifting their selections to the smaller gain but smaller loss, advantageous decks. MJ Users, in contrast, generally failed to alter their selection patterns and continued to select from disadvantageous decks throughout the task. These data are consistent with other studies that suggest that the evaluation of, and response to, monetary wins and losses are crucial for the development of successful decisionmaking strategies and successful performance as measured by higher Net Psychiatry Research: Neuroimaging 191 (2011) 51-59 
